The waters of solvation surrounding biomolecules control 23 many important biological processes. For example, they play a 24 crucial role in the folding and function of proteins and 25 enzymes, whereas the structure and conformation of DNA 26 depends on the hydration water.
1,2 Therefore, the understand- 27 ing of water at these interfaces is of great importance in 28 chemistry and biology. 3À7 29 Water molecules in aqueous solutions of proteins can be 30 grouped into three broad categories: (1) the internal waters that 31 occupy specific sites in the protein and can be identified crystal- 32 lographically, (2) the hydration water immediately surrounding 33 the protein, and (3) bulklike water. Hydration water has direct 34 contact with the protein surface and plays an essential role in 35 protein folding interaction of water with the hydrophobic groups, 36 causing them to collapse and become isolated in the protein core. 37 Thus the protein core contains more than 80% of the hydro- 38 phobic side chains. 8 The water molecules that solvate the 39 external surface of a protein are also functionally significant; it 40 is known that to fully activate the dynamics and functionality of a 41 protein, 0.40 g of water per gram of protein is required. 9 Because 42 of this importance the hydration layers surrounding peptides, À12 proteins, 7,13,14 and carbohydrates 15 have been the subject of a 44 large number of studies in recent years. It is established that the 45 dynamics of hydration water are distinct from those of bulk 46 water; 16 however, the nature and extent of these differences are 47 still a matter of debate. 7 Molecular dynamics (MD) simulations 17 48 and NMR studies 18 showed that the H-bonds between protein 49 and water are preferentially formed where water hydrogen atoms 50 act as donors, with the number of H-bonds depending strongly 51 on the polar character of the protein surface. MD simulations 52 have shown that the rearrangement of the protein hydration 53 network occurs at subpicosecond to picosecond time scales. 4 54 This view was consistent with NMR data that found a highly 55 mobile protein solvation layer, retarded by no more than a 56 factor of 2 compared to that of the bulk. 13 Single frequency 57 terahertz transmission spectroscopy has also been applied to 58 the study of hydration water of peptides 12 and proteins. 19,20 59 This approach suggested that a dynamical solvation layer could slowed by up to a factor of 8 in comparison to those in bulk 16 water. The most marked slowdown was observed for the most hydrophilic protein studied, bovine serum albumin, whereas the most 17 hydrophobic protein, trypsin, had a slightly smaller effect. The terahertz Raman spectra of these protein solutions resemble those of 18 pure water up to a concentration of 5 wt %, above which a new feature appears at ∼80 cm À1 , which is assigned to a bending of the 19 protein amide chain. have been the subject of extensive studies in recent years by . The time domain data were fitted to the biexponential decay-176 ing function:
where a i denotes amplitude and t r is a fast rise time. 
The average relaxation times are plotted as a function of the respectively. 47 With this information, the number of water 221 molecules in each hydration shell could be calculated. 28 For 222 the first hydration shell, the n m values obtained were 490, 668, 223 and 1385 for lysozyme, trypsin, and BSA, respectively. These Water molecules in the second hydration shell do not have a .
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The lowest frequency part of the RSD was fitted with the 359 BucaroÀLitovitz (BL) function:
where ω BL is a characteristic frequency and α a fitting parameter.
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The highest frequency part was fitted with an antisymmetrized 362 Gaussian (ASG), which has the form: at half-maximum. 
